Abstract
Pilot plant layout

127
The pilot plant installation consisted of a combined system including an MBR followed by a 128 photocatalytic reactor (PCR). The pilot plant layout is depicted in Figure 1 . 
145
From the CIP tank, the MBR permeate was sent by gravity into a chamber by opening a timed 146 valve. From the loading chamber, a centrifuge pump provided the liquid circulation within the 147 photocatalytic modules. The system was equipped with a nanofiltration membrane (DL2540C type)
148
to separate the photocatalyst from the effluent PCR permeate. A pump ensured the recirculation of 149 the suspension and a high prevalence pump allowed the fluid to be filtered through the membrane.
150
The nanofiltration retentate, containing the residual photocatalyst, was returned to the loading 151 chamber.
153
MBR operating conditions
154
To prevent the membrane fouling, the flux across the membrane was maintained close to 10 L m with an UV-A probe.
235
All the TOC measurements were performed by means of thermo-catalytic oxidation with a high-236 temperature TOC-VCSH analyzer.
237
The measurement of total suspended solids (TSS) and of volatile suspended solids (VSS)
238
concentration was performed according to the standard methods (Apha, 2005) . Qicpic) that provided the particle size distribution and the granulometric curve.
246
The membrane fouling analysis was carried out by measuring the total resistance to filtration (R T )
247
according to the following equation 3: depicts the trend of the TOC in the influent and in the supernatant of the MBR tank, as well as in 296 the permeate (Fig. 3a) , whereas Figure 3b shows the biological and the physical contributions to the 297 overall TOC removal efficiency during the experiment. In terms of TOC removal, the MBR enabled a good removal efficiency throughout the experiment.
303
Indeed, the TOC removal was close to 80% on average, confirming the robustness of the MBR 304 system for the treatment of recalcitrant wastewater. The irreversible cake due to the superficial cake layer (R C,irr ) was the highest fraction of the total of the observed period (Fig 4c1-c4) . A gradual transfer of the fouling mechanism from the "cake 358 layer deposition" directly to the "pore blocking" was observed. Indeed, the irreversible fouling due 359 to pore blocking (R PB ) significantly increased from approximately the 2% of the R T to a value of 360 20% on the 84 th experimental day. Lastly, the contribution of the reversible resistance due to the 361 superficial cake layer (R C,rev ) was almost constant at the 2-3% of the total resistance, hence it was 362 considered negligible. The increase of the R C,irr was found to be in good agreement with the increase 363 of the proteinaceous EPS and with the decrease of the bound EPS above discussed. Indeed, with 364 regard to the first aspect, the fouling from irreversible cake can be attributable to the increase of 365 proteins, which gave a gelatinous and hydrophobic consistency to the cake that cannot be removed 
Photocatalysis-based process
391
The mechanism of photocatalytic reactions is well known (Augugliaro, 1994 P25son. Results are shown in Figure 5 . The sulfate radicals generated through Eq. 10 and the hydroxyl radicals generated through Eqs. 4, 9, 450 11 and 12 were responsible for the degradation observed in Figure 6 . In fact, low TOC values (ca. As previously discussed, the slop was characterized by a TOC content of approximately 225 mg L -1 .
463
The biological process contributed for approximately 40%, on average, to the overall slop costs. In another study, the combination of air-stripping and photocatalysis has been studied for 500 hydrocarbon removal from slop (Cazoir et al., 2012) . By using these combined processes, the 501 authors obtained an effluent with an overall hydrocarbon content (as TPH) < 15 ppm according to
502
MARPOL legislation. However, the authors found that a lot of volatile organic carbons substances 503 were purged from the aqueous phase, leading to an environmental problem.
504
The results achieved in this study demonstrated that the coupling of biological and photocatalysis affected the membrane fouling. The main fouling mechanisms were the "cake layer deposition" and the "pore blocking". The superficial cake layer deposition (R C,irr ) was the highest fraction of the 525 total resistance to filtration (75%), whereas the irreversible fouling due to pore blocking (R PB )
526
accounted for approximately 20% of the total resistance. Nevertheless, the original permeability of 527 the membrane was successfully recovered (98%) after chemical cleanings, thereby suggesting that 528 the irremovable fouling due to pore-blocking was low.
529
The achieved results demonstrated that the proposed solution represents a sustainable and efficient to the total fouling resistance (c1-c4). 
